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BACKGROUND 

1. Field of the Invention 

This invention relates to telecommunications services and more particularly to a 
method and system for facilitating transmission of analog signals to a wireless terminal. 
5 2. Description of Related Art 

A wireless terminal is a form of telecommunication technology that enables 
people to communicate with others. The wireless terminal can take a variety of forms. 
The wireless terminal may be, for example, a cellular phone, a pager, a personal digital 
assistant (PDA), a portable computer with wireless modem, or a fixed wireless terminal. 
10 The wireless terminal exchanges signals with a radio Access network. The radio 

access network commimicatively couples the wireless terminal to a remote terminal. The 
remote terminal may be, for example, another cellular telephone, a pager, a PDA, a 
portable computer with wireless modem, or a fixed wireless terminal. 

The radio access network typically has a base transceiver station (BTS) and a base 
15 station controller (BSC) (collectively referred to as a "base station"). The wireless 
terminal exchanges signals with the BTS and the BSC. The radio access network may 
also have a mobile switching center (MSC), an interworking fimction (IWF), and an IP 
network. The BSC may be coupled to the MSC, which is in turn coupled to the IWF and 
IP network. Additionally, the radio access network may have a BSC coupled to a packet 
20 data serving node (PDSN) and the IP network. Therefore, the radio access network 
facilitates wireless communication with the IP network. 

The base station has a basic architecture that consists of radio-firequency (RF) 
power amplifier, a radio firequency section, a sampling and reconstruction system, and a 

McDONNEa BOEHNEN ^ 
HULBERT & BER6H0FF 2 
300 SOUTH WACKER DRIVE 
CHICAGO. larNCMS 60606 
TELEPHONE (312) 013-0001 


s 


signal processing system. The RF power amplifier, radio frequency section, sampling 
and reconstruction system, and signal processing system collectively facilitate exchange 
of signals with the wireless terminal. 

In a transmit mode, the base station receives a digital signal from the MSG or the 
5 PDSN and transmits an analog signal to the wireless terminal. The digital signal may be 
defined by a plurality of channels. The signal processing system amplifies each channel 
of the digital signal to a power level. Then, the digital signal is passed to the sampling 
and reconstruction system. The sampling and reconstruction system has a digital-to- 
analog converter (DAC) that converts the digital signal from the MSG or the PDSN into 

10 the analog signal. A plurality of channels, typically 128 channels in a carrier division 
multiple access (GDMA) protocol, may define the analog signal. The radio frequency 
section modulates the analog signal at a modulation frequency. Finally, the RF power 
amplifier adds a fixed gain to the analog signal and outputs the analog signal to an 
antenna for transmission to the wireless terminal. 

15 In a receive mode, the base station receives an analog signal from the wireless 

terminal and outputs a digital signal to the MSG : or to the PDSN. The RF power 
ampUfier receives the analog signal at the antenna. The RF power amplifier adds a fixed 
gain to the analog signal and the radio frequency section demodulates the analog signal to 
a base band signal. The sampling and reconstruction system has an analog-to-digital 

20 converter (ADG). The ADG converts the base band signal into a digital signal and 
outputs the digital signal to the MSG or to the PDSN. 

This basic architecture allows for the base station to transmit and receive signals 
with the wireless terminal. 
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SUMMARY 

In the transmit mode, a base station is designed to convert a digital signal from the 
MSG or the PDSN into an analog signal and transmit the analog signal to the wireless 
terminal. Existing wireless network have a plurality of base stations. Each base station is 
5 designed to amplify channels of the digital signal to particular power levels and modulate 
the analog signal to a particular modulation frequency. Therefore, a digital signal to be 
converted into an analog signal must be sent to one of the plurality of base stations in the 
wireless network c apable of appropriately c onverting the digital signal into the analog 
signal. 

10 In accordance with an exemplary embodiment of the present invention, a wireless 

network may have a digital base station and a radio link converter unit. The digital base 
station may receive bearer data for each of a plurality of channels and output to the radio 
link converter unit the bearer data along with control information. The control 
information may define, among other information, a power level for each channel and a 

15 modulation frequency. The radio link converter may responsively generate an analog 
signal that defines the plurality of channels of bearerrdata received from the digital base 
station. Each chaimel of the analog signal may have the power level defined by the 
control information for the channel. Also, the analog signal may be modulated at the 
modulation frequency defined by the control information for the analog signal. The radio 

20 link converter may then output the analog signal to an antenna for transmission to a 
wireless terminal. 

Advantageously, the digital base station and radio link converter unit can 
collectively perform t he f unction o f a p lurality of b ase s tations t hat e ach m odulate a n 
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analog signal at a particular modulation frequency and define channels of the analog 
signal that have particular power levels. A wireless network with a digital base station 
and radio link converter unit might not need as many network elements to modulate an 
analog signal and amplify channels of the analog signal, histead, the digital base station 
5 and radio link converter unit, themselves, can function to amplify and modulate signals to 
a plurality of power levels and a plurality of modulation frequencies. 

These as well as other aspects and advantages will become apparent to those of 
ordinary skill in the art by reading the following detailed description, with appropriate 
reference to the accompanying drawings. 

10 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Exemplary embodiments of the present invention are described herein with reference 
to the drawings, in which: 

Figure 1 is a block diagram of an exemplary wireless network in which exemplary 
5 embodiments of the present invention may be employed; 

Figure 2 is a block diagram that illustrates communication between a digital base 
station and a radio link converter unit; 

Figure 3 illustrates a frame that the digital base station may send to the radio link 
converter unit to define bearer data and control information; 
10 Figure 4 illustrates processing modules for generating an analog signal that is 

transmitted to at least one wireless terminal; and 

Figure 5 illustrates exemplary digital signal processing and exemplary analog signal 
processing performed by processing modules of the radio link converter unit. 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

Figure 1 is a block diagram of a wireless network in which exemplary 
embodiments of the present invention may be employed. It should be understood that 
this and other arrangements and elements (e.g., machines, interfaces, functions, orders of 
5 elements, etc.) can be added or used instead and some elements may be omitted 
altogether. Further, those skilled in the art will appreciate that many of the elements 
described herein are functional entities that may be implemented as discrete components 
or in conjunction with other components, in any suitable combination and location. 
Moreover, the various functions described herein as being performed by one or more 

10 entities may be carried out by hardware or by a processor programmed to execute an 
appropriate s et o f c omputer i nstructions s tored i n m emory. P rovided w ith t he p resent 
disclosure, those skilled in the art can readily design the hardware or prepare the 
appropriate set of computer instructions (e.g., software) to perform such functions. 

By way of example, the wireless network may include a wireless terminal 12 and 

15 a radio link converter unit 32, separated by an air interface 16. The wireless terminal 
may be, for example, a cellular phone, a pager, a PD^, a portable computer with wireless 
modem, or a fixed wireless device. The radio link converter unit 32 may produce a 
radiation pattern that defines a coverage area for the wireless terminal 12. The radiation 
pattern may facilitate communication between the wireless terminal 12 and the radio link 

20 converter unit 32 that conforms to well known standards such as Interim Standard (IS) 
95, IS-2000, or Global System for Mobile Communication (GSM) protocol, as well as 
other standards now known or later developed. 
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The wireless network may also include a digital base station 30, MSG 24, IWF 
22, and PDSN 18. The radio link converter unit 32 may be coupled to the digital base 
station 30. The digital base station 30 may facilitate exchange of signals between the 
radio link converter unit 32 and the MSG 24 and/or PDSN 18. The MSG 24, in turn, may 
5 be coupled to the IWF 22 and the hitemet 20. Additionally, the PDSN 18 may be 
coupled to the Intemet 20. T he IWF 22 and PDSN 1 8 may facilitate communication 
between the wireless terminal 12 and the Intemet 20. The Intemet 20 may be a collection 
of terminals that are networked together. The terminals may take the form of computers, 
but of course other arrangements are also possible. 

10 Figure 2 illustrates, in more detail, conununication between the digital base 

station 30 and the radio link converter xmit 32. The digital base station 30 and the radio 
link converter unit 32 may be co-located on a single platform. Altematively, the digital 
base station and the radio link converter unit 32 may be physically separated, such that 
the radio link converter unit is located in proximity to an antenna 34 and the digital base 

15 station 36 is located in proximity to the MSG 24 or the PDSN 18 of the wireless network. 
Other arrangements are also possible. * 

The digital base station 30 and the radio link converter unit 32 may be arranged 
to receive signals from the MSG 18 and PDSN 24 and transmit signals to the wireless 
terminal 12. Link 36 may communicatively couple the MSG 18 or the PDSN 24 to the 

20 digital base station 30. The digital base station 30 may receive bearer data from link 36. 
The bearer data may be web content, voice communications, e-mails, instant messages, or 
any other type of data typically transmitted to the wireless terminal 12 from the MSG 18 
or the PDSN 24. The bearer data may be received at a rate of 19.2 kilobits/second per 
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channel or some other data rate depending on type of the bearer data. The digital base 
station 30 may output the bearer data along with control information to the radio link 
converter unit 32, over link 40. Using the control information, the radio link converter 
imit 32 may generate analog signals defining the bearer data. Then, the radio link 
5 converter unit 32 may output the analog signals to link 44 and to an antenna 34, for 
transmission to the wireless terminal 12 over the air interface 16. 

The control information that the digital base station 30 sends to the radio link 
converter unit 32 may define the format of the analog signal to be generated by the radio 
link converter unit 32. For instance, the digital base station 30 may define one or more of 

10 the following in the control information: (i) a modulation frequency at which the analog 
signal is to be modulated (ii); a power level at which a channel of the analog signal is to 
be amplified; (iii) a spreading sequence, such as a Walsh code, Gold code, or some other 
code now known or later developed for spreading a digital signal that defines the bearer 
data into a spread spectrum signal; and (iv) a PN (pseudorandom-noise) offset to isolate 

15 users operating on a same frequency in different sectors of the wireless network. 

The control information may define other si^al characteristics, instead of or in 
addition to those described here. Also, the control information, itself, might not define all 
of the types of characteristics described above. Instead, the modulation fi-equency for the 
analog signal, the power level for each channel, the spreading sequence, and/or the PN 

20 offset may be programmed directly into the radio link converter unit 32. As a result, the 
digital base station 30 might not have to send such control information to the radio link 
layer converter unit 32. 
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The signals transmitted over link 40 may take the form of a time-division 
multiplexed signal. Each time slot may define bearer data and control information for an 
analog signal to be transmitted over the air interface 16. 

Figure 3 illustrates an exemplary fi-ame that the digital base station 30 may send 
5 over link 40 to the radio link converter unit 32 to define bearer data and control 
information. The frame may be sub-divided into a plurality of fields 50, 52. The fields 
50 may define the bearer data to be sent over a path of communication, i.e., channel, to a 
wireless terminal. The firame may allow for defining bearer data for 128 separate 
channels. Additionally, the fields 52 may define the control information associated with 

1 0 each of the channels of bearer data. 

Other variations are also possible for representing the bearer data and control 
information sent by the digital base station 30 to the radio link converter unit 32. The 
bearer data and the control information, for instance, may be integrated together, rather 
than being located in regular fields 50, 52. Alternatively, the signals transmitted over 

15 link 40 make take the form of packets. The control information and the bearer data may 

~ T be defined in a packet having a header and a payloa^ The header may define the control 
information associated with the channels of the analog signal and the payload may define 
the bearer data for the channels. The exemplary embodiments of the present invention 
are in no way limited by how the bearer data and the control information are sent over the 

20 link 40. 

Figure 4 illustrates processing modules for generating the analog signal 
transmitted to the wireless terminal 12. The processing modules 48, 50, 52, 56, 60, 54, 
58, 68, may define exemplary fimctionality of the radio link converter unit 32. Other 
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arrangements, however, are also possible. Functionality illustrated as part of the radio 
link converter unit 32 maybe, for instance, integrated into the digital base station 30. 
Additionally or alternatively, the radio link converter unit 32 may have functionality in 
addition to or instead of what is described. The processing modules that make up the 
5 radio link converter unit 32 are not limited to what is illustrated by Figure 4. 

The digital base station 30 may have a processor and memory. The memory may 
store computer instructions executable by the processor for receiving from link 36, bearer 
data for a plurality of channels. The memory may also store computer instructions 
executable by the processor to define a data frame, such as illustrated by Figure 3. The 
10 digital base station 30 may be programmed to insert into the data frame, the control 
information and the bearer data for the plurality of channels, and output the data frame to 
the radio control unit 30 over the link 40. 

A user interface 34 coupled to the digital base station 30 may facilitate obtaining 
the control information associated with the bearer data. The user interface 34 may 
15 consist of a keyboard or some other mechanism for allowing a user to input into the 
>r memory 72 a modulation frequency at which the anatl^ signal generated by the radio link 
converter unit 32 is to be modulated and a power level at which a channel is to be 
modulated. Also, the user may be able to input a spreading sequence for a channel, 
and/or a PN offset for a cell. The digital base station 30 may use the control information 
20 obtained by the user interface 34 to define the frame sent to the radio link converter imit 
32. Other arrangements are also possible. 

The radio link converter unit 32 may generate an analog signal consisting of 
channels that define the bearer data. The radio link converter unit 32 may include a 
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receiver 48, a parsing unit 50, a spreading unit 52, a power control unit 56, a PN offset 
unit 54, a DAC 58, a modulator 68, a RF power amplifier 44, and an antenna 34. 

The receiver 48 may receive the control information and the bearer data from link 
40. The receiver 48 may send the bearer data and the control information to the parsing 
5 unit 50. The parsing unit 50 may extract, from the data frame sent by the digital base 
station 3 0, t he b earer d ata f or a p articular c hannel a nd t he c ontrol i nformation f or t he 
particular channel. The control information may define the power level for the particular 
channel of bearer data, the modulation frequency for the particular channel of bearer data, 
the spreading sequence for the particular channel, and the PN offset. Then, the parsing 
10 imit 52 may send the bearer data for the particular channel to the spreading unit 32, the 
power level for the particular channel to the power control unit 56, the modulation 
frequency for the particular channel to the modulator 68, the spreading sequence for the 
particular channel to the spreading unit 52, and the PN offset to the PN offset unit 54. 

The bearer data that the parsing unit 50 sends to the spreading unit 52 for each 
15 chmmel may take the form of a digital signal. The spreading unit 52 may spread the 
3^ digital signal for each channel to produce a spread sp|ctirum signal for each channel. The 
spread spectram signal may have a bandwidth greater than a bandwidth of the digital 
signal. The spread spectrum signal for each channel may have a data rate of 1 .228 mega- 
chips/second, but other arrangements are also possible depending on a spreading 
20 sequence applied. 

The spreading sequence that is applied to the digital signal for each channel may 
be the spreading sequence that is extracted from the control information by the parsing 
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unit 50. The spreading unit 34 may apply the spreading sequence to each channel of the 
digital signal to produce a plurality of spread spectrum signals. 

The power control unit 56 may amplify each of the spread spectrum signals to the 
power level defined by the control information for the channel. The power level applied 
5 to the channel may be the power level that is extracted from the control information by 
the parsing unit 50. Next, an adder 60 may then sum each spread spectrum signals and 
the PN offset unit 54 may multiply a PN offset to the sum of spread spectrum signals. 
The PN offset applied may be that which is extracted from the control information by the 
parsing unit 50. 

10 The DAC 58 may then convert the sum of the spread spectrum signals into an 

analog signal to be transmitted to a wireless terminal. The analog signal may define the 
plurality of channels of bearer data. 

Prior to transmitting the analog signal, the modulator 68 may modulate the analog 
signal. The analog signal may be modulated at the modulation frequency defined by the 
15 control information. For example, the radio frequency unit 68 may produce a carrier 
~ - wave at the modulation frequency defined by th|'-t:ontrol information. The radio 
frequency modulator 68 may multiply the carrier wave with the analog signal so as to 
modulate the particular channel of the analog signal at the modulation frequency. 

Alternatively, the analog signal may be modulated as two or more steps. The 
20 modulation frequency may be known as an intermediate frequency (IF). The modulator 
68 may first multiply the analog signal by an intermediate frequency (IF) wave at the 
modulation frequency. The result of multiplying the analog signal by the IF wave may be 
to modulate the analog signal at the modulation frequency. Then, the modulator 68 may 
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multiply the analog signal, modulated at the intermediate frequency, by another wave. 
The other wave may be at a carrier frequency that results in the particular channel of the 
analog signal being further modulated to a higher frequency. With the analog signal 
modulated at the carrier frequency, the RF power amplifier 70 may add a fixed gain to 
5 the analog signal. Then, the analog signal may be output to the antenna 34 for 
transmission to the wireless terminal 12. 

Other arrangements are also possible for producing the analog signal. The 
processing illustrated by Figure 4 is exemplary in nature. The processing may be 
organized in an order different from that which is described. Additionally, the processing 
10 performed by the digital base station 30 and the radio control unit 32 may depend on a 
format of the analog signal to be transmitted to the wireless terminal 12. 

Figure 5 illustrates exemplary digital signal processing and exemplary analog 
signal processing performed by the processing modules of the radio link converter unit 
30. 

15 As described above, the receiver 48 of the radio link converter unit 32 may 

>- receive from link 40 data frames that define beare^data and control information for a 
plurality of channels. The receiver 48 may pass the data frames to the parsing unit 50. Li 
turn, the parsing unit 50 may output a digital signal S2 to the spreading imit 52. The 
digital signal 82 may define the bearer data for the plurality of channels. The bearer data 
20 for a particular channel may be encoded in an interval 86. Thus, the digital signal 82 may 
be defined by a plurality of intervals 86. 

The digital signal 82 may take other forms consistent with the exemplary 
embodiment of the present invention. For example, the digital signal 82 may take the 
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form of in-phase (I) and quadrature phase (Q) components. The I and Q components may 
be orthogonal signals that are processed separately by the spreading unit 52, the power 
control unit 56, the summer 60, the PN offset unit 54, the DAC 58, and the modulator 68. 
The modulator 68 may apply to the I and Q components, a wave modulated at the 
5 modulation frequency defined by the control information. The wave applied to the I 
component may be in-phase and the wave applied to the Q component may be 
quadrature-phase. Then, the modulator 68 may sum the modulated in-phase component 
and modulated out-of-phase component to produce the analog signal. Other 
arrangements are also possible consistent with the exemplary embodiments of the present 
10 invention. 

The digital signal 82 may be passed to the spreading unit 52. The spreading unit 
52 may apply the spreading sequence to each channel of the digital signal 82, By 
applying the spreading sequence to each channel of the digital signal 82, the spreading 
unit 54 may produce one or more spread spectrum signals 88. The one or more spread 

15 spectrum signals 88 may define, albeit in a spread spectrum form, the bearer data for the 
one or more channels. 

The spread spectrum signals 88 may then be input into the power control unit 56. 
The power control unit 56 may have received from the parsing unit 52 a power level for 
each channel of bearer data. The power level may be an absolute or differential power 

20 . level for the channel of bearer data. The power control unit 56 may use the power level 
to a mplify the p ower o f t he s pread s pectrum s ignal 8 8 for each c hannel t o t he p ower 
level. For example, the power control unit 56 may receive from the parsing unit 50 an 
indication that channel 1 is to be amplified to 10 dBm and channel 2 is to be amplified to 
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20 dBm. The power control unit 56 may use the indications to ampHfy the spread 
spectrum signals 88 to produce the spread spectrum signals 90 with the appropriate 
power levels. Other arrangements are also possible. 

An adder 60 may then sum the spread spectrum signals 90 output by the power 
5 control unit 56 to produce signal 92 input into the PN offset unit 54. The PN offset unit 
54 may add a PN offset to the signal 92. Then, the DAC 58 may convert the signal 92 
into an analog signal 94. 

The DAC 58 may convert the spread spectrum signal 92 into the analog signal 94. 

The DAC 58 may convert the spread spectrum signal 92 into the analog signal so that 

10 each channel of the analog signal 94 has the power level defined by the control 

information. The analog signal may have a band\yidth of 1.25 MHz and define the 128 

analog channels of bearer data, but other arrangements are also possible depending on the 

format of the analog signal. The modulation unit 68 may then modulate the analog signal 

94 to produce a modulated analog signal 96. The modulation unit 68 may modulate the 

15 analog signal at the modulation fi-equency, fm, defined by the control information. The 

« 

: modulation fi*equency may be a frequency between :^50 MHz to 1990 MHz for CDMA 
protocol, but other arrangements are also possible. 

The RF power amplifier 44 may then add a fixed gain to the analog signal. Then, 
the radio control unit 32 may transmit the analog signal at the antenna 34 to at least one 
20 wireless terminal. 

Exemplary embodiments have thus been illustrated and described. It will be 
understood, however, that changes and modifications may be made to the exemplary 

HULBERT A BERGHOFF 1 6 

300 SOUTH WACKER DRIVE 
CHICAGO. iUJNOIS 60806 
TELEPHONE (312)013*0001 


embodiments without deviating from the spirit and scope of the invention, as defined by 
the following claims. 
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